and evaluate the effects of holidays and meteorological parameters on the air pollution levels. Materials and methods: Hourly concentrations of PM 10 , PM 2.5 , O 3 , NO 2 , SO 2 , and CO in different air quality monitors of Tehran were acquired. The data from each air quality monitored were validated, and only high-quality monitors were included in this study.
Introduction
Air pollution has been introduced as the fourth risk factor for human health [1] . In a report by World Health Organization (WHO), about 7 million annual deaths were attributed to indoor and outdoor air pollution [2] . There are several criteria air pollutants that can affect human health such as different fractions of particu-late matter, ozone (O 3 ), nitrogen dioxide (NO 2 ), sulfur dioxide (SO 2 ), etc. [3] . Particulate matter with a diameter of PM 2.5 µm or smaller (PM 2.5 ) is a fraction of particles that is able to enter the alveolar region in lung, as a place for blood exchange. PM 2.5 represents the high-risk fraction of particulate matter in air. Many epidemiological studies have shown a positive relationship between short-or/and longterm exposure to PM 2.5 and different adverse health effects [4] . PM 2.5 's short-term exposure is associated with ischemic heart disease (IHD) and chronic obstructive pulmonary disease (COPD). Its long-term exposure is related to lung cancer, and respiratory and cardiovascular diseases. It is shown that lung cancer incidence increases per each 10 µg/m 3 PM 2.5 [5] . International Agency for Research on Cancer (IARC) has introduced particulate matter as Group 1 carcinogen (carcinogenic to humans) [6] . Several cities of Iran are experiencing high concentrations of air pollutants, especially PM 2.5 [7] . Southern and western cities are affected by Middle Eastern dust storm, which even reach Tehran in central Iran [8, 9] . Tehran as the capital of Iran is mainly affected by mobile sources of air pollution [10] . Annual concentrations PM 2.5 are reported to be 3-4 times higher than those in WHO's guideline. These extremely high concentrations cause large numbers of deaths and hospital admissions [11] [12] [13] [14] [15] [16] . In addition, high concentrations of other criteria air pollutants such as O 3 , NO 2 , SO 2 , and CO in different cities of Iran have been investigated in other studies [11, 17] , and high levels of those pollutants have been reported. Tehran is the capital of Iran, and have a population near 9 million people. There are about 3 million personal vehicles in Tehran, of which 25% are more than 10 years old and 75% have emissions with Euro-2 standard and less [18] . About 70% of particulate matter in Tehran during 2015 was emitted from mobile sources [19] . Mobile sources, energy production, and domestic sector are responsible for about 46%, 24%, and 23% of total NOx emission in Tehran [19] . The dominant source of emitted SOx in ambient air of Tehran is the energy production sector, which reflects the use of fossil fuels [19] . This situation has led to a severe condition of air pollution in this city [13] . Therefore, it is necessary to evaluate the concentrations of criteria air pollutants in Tehran during the recent years. It can provide information about the effectiveness of air pollution control strategies and actions. In addition, the temporal patterns of different air pollutions can be understood better. The aim of this study was to investigate the concentrations of PM 10 , PM 2.5 , O 3 , NO 2 , SO 2 , and CO in Tehran during March 2014-March 2018, and evaluate the effects of holidays and meteorological parameters on the air pollution levels.
Materials and methods

Study design
This study investigated the concentrations of PM 10 , PM 2.5 , O 3 , NO 2 , SO 2 , and CO in Tehran March 2014-March 2018. Tehran as the capital of Iran is located in Central areas of this country (35°41′21″N 51°23′20″E), and have a population about 9 million people [20, 21] . [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] were converted to the mass unit i.e. µg/m 3 . Then, appropriate averages for each pollutant were calculated. For PM 10 , PM 2.5 , and SO 2 , 24-h averages were obtained. For NO 2 and CO, the maximum hourly concentration in each day was considered as the representative concentration for that day. For ozone, the maximum of 8-h moving averages in each day was calculated. This approach was taken from some previous studies [11, 12, 22] .
Air quality data
Data analysis
The descriptive statistics of each air pollutant in each year were calculated. Daily concentrations of each pollutants during four seasons (in order of Persian calendar: spring, summer, autumn, and winter), twelve months (in order of Persian calendar: March, April, May, June, July, August, September, October, November, December, January, and February) and seven days of week (in order of Persian calendar: Saturday, Sunday, Monday, Tuesday, Wednesday, Thursday, and Friday) were averaged and compared statistically. In addition, days were divided into four categories: workdays, Fridays (weekend), formal holidays, and Nowruz holidays. Air pollutants' concentrations during each of these categories were averaged and compared. For statistical analysis and comparing the concentrations between different years, seasons, months, days of week, and types of days, first, the normality of datasets was analyzed using the Kolmogorov-Smirnov test. Then, the equality of variances was analyzed by Levene's test. Third, based on the results of these steps, parametric (ANOVA) and non-parametric (KruskalWallis) statistical tests were selected to compare the concentrations between groups. The effects of meteorological parameters on the concentrations of air pollutants were analyzed using multiple linear regression. Concentrations of each pollutant in each year and total of four years were considered as response variable. The values of all meteorological variables in the same time period were considered as predictor variables. All of the statistical analyses were performed using the R Programming Software. 10 , NO 2 concentrations have increased gradually during the study period; however, SO 2 concentrations has decreased dramatically from 46.41 to 7.66 ppb. Some fluctuations were found in case of ozone, and no specific trend of ozone were observed. On the other hand, CO levels have been relatively constant. Statistical analyses showed that the concentrations of PM 10 , PM 2.5 , NO 2 , and O 3 in the last year were significantly higher than those in the first year (P<0.05). However, the concentrations of SO 2 , and CO in the last year were significantly lower than those in the first year of study (P<0.05). In another study, the three-year average (± standard deviation) of PM 10 3 , respectively. In total, some of their results were inconsistent with those in our study. It should be noted that a larger number of monitors were included in the present study, and the TAQCC report was based on a fewer number of monitors [24] . Another report by TAQCC indicated that there are about 3 million personal vehicles in Tehran, of which 25% are more than 10 years old and 75% have emissions with Euro-2 standard and less [18] . About 70% of particulate matter in Tehran during 2015 was emitted from mobile sources [19] . Mobile sources, energy production, and domestic sector are responsible for about 46%, 24%, and 23% of total NOx emission in Tehran. In addition, the major sources of SOx in Tehran is the energy production sector, which reflects the use of fossil fuels [19] . Several other studies also reported high concentrations of criteria air pollutants and volatile organic compounds (VOCs) in Tehran that indicates this city is highly polluted area in Iran [22, [25] [26] [27] [28] [29] . In a study, the highest levels of CO in Tehran were observed in September, October, December, and January, respectively. The lowest levels of O 3 were in January, December, and November, respectively. The maximum NO 2 was in December, and the minimum is in March. The maximum SO 2 was in January and December, respectively. The concentration of PM 10 was higher than the other pollutants in almost all months with no significant difference except in July, when the maximum amount of this pollutant was reported [30] . In another study, minimum and maximum concentration of PM 2.5 were observed in May (12.44 μg/m 3 ) and Jan (65.51 μg/m 3 ), respectively [31] . The results of another study indicated that meteorological and environmental parameters in winter season (71%) have a much higher ability to explain PM 2.5 concentration than summer season (40%). In winter, PM 2.5 concentration had a positive correlation with temperature, and a negative correlation with wind speed in the northeastern part of the study area. Precipitation has a positive correlation with PM 2.5 concentration in most parts of Tehran in both seasons. In summer, the air temperature parameter showed a high correlation with PM 2.5 concentration [31] . 10 and NO 2 in Fridays were observed comparing to other days of week. Friday concentrations of PM 10 and NO 2 were statistically lower than those recorded in Wednesday and Tuesday, respectively (P<0.05). PM 2.5 concentrations were reduced in Fridays, but this was not statistically significant. Although no statistically significant differences were found were other air pollutants and other days, some variations can be seen in Fig. 4 . For instance, ozone has high concentrations in Fridays. The reason for reduction in particulate matter and NO 2 concentrations in Fridays is the fewer people and vehicles moving within city. This increase in ozone levels during weekends is reported in other studies [32] . They stated that this can be due to several factors including: i) less NOx emission in weekends and less inhibition by NOx, ii) changes to the timing of NOx emissions, iii) recirculation of polluted air or overnight accumulation of emissions influences next-day O 3 formation and differs from weekdays to weekends, and iv) lower weekend aerosol levels and increase the amount of photolysis caused by solar radiation [32] . In Tehran, the higher concentrations of ozone in Fridays could be also due to the higher emission of hydrocarbons (as a precursors of ozone) from heavy vehicles that are free to enter the inner areas of Tehran in Fridays. Ozone's correlation with all of the pollutant than PM 10 was negative. Carbon monoxide showed to have positive significant correlations with particulates, NO 2 , and pressure, and negative significant correlations with ozone, dew point, relative humidity, and wind speed. Surprisingly, a negative correlation coefficient was observed between ozone and temperature. In addition, relative humidity had negative correlations with all other variables, except for PM 2.5 . The correlation between wind speed and PM 10 , PM 2.5 , NO 2 , and CO was negative and significant. This means that with increasing wind speed, the concentrations of these pollutants decreases.
Results and discussion
In a study, a weak positive correlation was ob- served between PM 2.5 (μg/m 3 ) and temperature (r=0.42, P< 0.05) and humidity (r=0.37, P< 0.05) in Tehran. In addition, a negative significant correlation was found between PM 2.5 daily average concentrations (μg/m 3 ) and wind speed (r=-0.686, P< 0.05). However, no significant relationship (P< 0.327) was reported between total average precipitation and PM 2.5 daily average concentrations in Tehran during this study [31] . The effects of meteorological parameters on the concentrations of PM 10 , PM 2.5 , O 3 , NO 2 , SO 2 , and CO during the study period were investigated using linear regression, and the results are presented in Table 4 . In addition to yearly analyses, the concentrations of air pollutants in all the four years were modelled against the values of meteorological parameters in the same time period. All of the models were statistically significant. A wide range of adjusted R-squared values was observed in models (R 2 =0.005-0.767). This means that depending on the situation, meteorological variables can explain a small or large variations of air pollutants. In addition, the R 2 values showed that there are other variables and confounders e.g. sources of air pollution that have a significant effect on air pollution variations. However, the fact that most of the models were significant indicates that meteorological variables in general affect the concentrations of air pollutants in Tehran, even if this effect is weak. Positive coefficients mean that with increasing the meteorological parameter, the concentration of pollutant increases as well. The opposite relationship exist in case of negative coefficients. The total linear regression of air pollutants showed that PM 10 concentrations were affected by wind speed (negatively), temperature (negatively), dew point (positively), and relative humidity (negatively). PM 2.5 was influenced by wind speed (negatively), dew point (negatively) and relative humidity (negatively). Ozone was affected by only temperature (positively) and relative humidity (negatively). In addition, wind speed, dew point, and relative humidity were related to NO 2 negatively. Temperature, dew point, and relative humidity influenced SO 2 concentrations negatively, positively, and negatively, respectively. And finally, CO were affected by wind speed (negatively), temperature (positively), and dew point (negatively), respectively. The constant coefficient in the regression equation accounts for any other factors that are not included in model. In case of our study, other factors that are not included in the model are the sources and sinks of air pollutants. The constant is the basic concentration of the pollutant in ambient air when the effects of meteorological variables have been assumed to be zero. For PM 2.5 , the constants in the first and last years were 56.83 and 67.69, meaning that the basic concentrations of PM 2.5 were 56.83 and 67.69 µg/m 3 , respectively. This indicates that regardless of meteorological variables that potentially can reduce or increase air pollution concentrations, PM 2.5 concentrations have been increased during the study period. The same pattern can be observed for PM 10 . These results show that the control policies for reduction of particulate matter have been not effective. However, the basic concentrations of NO 2 , SO 2 , O 3 , and CO have decreased during the study period. In particular, SO 2 's basic concentration has increased from 64.88 to 14.16 µg/m 3 . This can be due to the performed air pollution control action, including the use of high-quality fuels in both mobile and industrial sector, and reducing industrial emissions of SO 2 . Fig. 5 shows the average concentrations of PM 10 ing days, except for ozone (formal vacation), NO 2 (Friday), and PM 10 (Friday) (P<0.05). These results are unique findings, and limited evidences are available in this regard until now.
Conclusion
Concentrations of PM 10 , PM 2.5 , O 3 , NO 2 , SO 2 , and CO during a 4-year period in Tehran were investigated, and the effects of season, month, day of week, and type of day (weekend, holiday and workday) on the air pollution levels were evaluated. The results showed that Tehran is affected by high concentrations of most of these pollutants. However, the annual trend for SO 2 was decreasing. Higher concentrations of PM 10 and O 3 were observed during summer. In case of PM 2.5 and CO, autumn and winter concentrations were higher than those in springer and summer. Lower concentrations of PM 10 and NO 2 and higher con- 3 , all of the pollutants had higher concentrations in the working days, comparing to those in any type of vacation days. These results determines the time periods in which the concentrations of criteria air pollutants are high. This can be very useful for announcing alarms for citizens, and designing the air pollution control plans. For instance, the exact reason for higher concentrations of ozone during the weekends can be investigated by future studies, and lead to implement proper action plans. In addition, by controlling for the effects of meteorological variables, our results showed that the air pollution control policies and actions have been not effective for particulate matter. More effective actions should be designed and implemented for reducing ambient levels of particulate matter.
Conclusi
